INTRODUCTION
The work reported here has been motivated by the need to characterise thin ceramic coatings on metallic substrates. In addition to measuring the elastic constants of the coating, which among other things is dependent on the deposition technique, it is desirable to inspect the condition of the interface between the coating and the substrate. One deposition technique involves plasma-spraying of the ceramic onto a grit-blasted metal surface. Although the top surface of the film can be polished for ultrasonic inspection, the film/substrate interface will be very rough. The Lamb wave V(z) technique has been demonstrated to be effective for the calculation of the elastic constants of thin films on substrates. The effect of surface roughness on the Lamb wave dispersion curves must be well understood however, before this method can be applied to the problem of interest here. As such, a series of tests have been performed on glass slides that have different degrees of roughness introduced on one surface.
In a separate part of the work, the sensitivity of Lamb waves to interface features has been investigated and compared with conventional C-scan methods by imaging a thin pattern of photo-resist deposited on the underside of a thin glass slide. The images show the superior contrast performance of Lamb wave imaging with comparable resolution to an ideal C-scan configuration.
The work has been performed with a broadband system using a large F-number, spherical focus lens.
LAMB WAVE IMAGING
In order to establish the sensitivity of Lamb waves to interface features along the underside of a plate, a thin film of photo-resist material (poly-isoprene) was deposited on the surface of a 110 !!m thick borosilicate glass slide in a grid pattern. The thickness of the film was 1 !!m, the bar width was 15 !!m and squares were 75 !!m wide. A wideangle lens with an F-number of 1 (half-angle of 33") was used at a negative defocus value of 1.9 mm, as shown in figure l(a). The system uses broadband excitation (20 to 60 MHz) so that a number of Lamb modes are expected to have been excited in this sample. The paraxial component of the reflected signal was gated out and the portion of the signal containing the slower Lamb modes was used for constructing an image of the photo-resist grid. This image is shown in figure I(c). For comparison, the sample was scanned in the conventional C-scan manner by focusing the beam on the backwall of the specimen, as shown in figure l(b) . The image showed no features and had zero contrast, figure I(d). For this image a long focal length lens was used with a half-angle of 3.6 0 so that a sharp focus could be formed at the backwall of the specimen. The improvement in contrast range with the Lamb wave image can be qualitatively explained to be due to the fact that the Lamb wave modes contain a significant component of displacement tangential to the surface. It must be pointed out that the contrast for the Lamb wave image depends critically on the value of the negative defocus. The optimum value was obtained through repeated scans at progressively larger defocus values.
The resolution on the Lamb wave images is comparable to that of a C-scan image obtained with the same lens focused on the surface and with the specimen turned over so that the grid pattern is on the topside. The Lamb wave image resolution however is somewhat poorer than the optimum attainable value due to the fact that up to four different modes are excited and used in forming the image, as seen in figure 5 . The higher order modes will degrade the resolution. The resolution in this multi-mode operation is nevertheless better than a wavelength. The excited Lamb waves converge from the edge of the entry circle on the object surface towards the centre, forming an aberration-free focus. The point-spread function for such a Lamb wave lens can be deduced from that of a double cylindrical lens system placed at the entry circle [I]: (1) where r is the distance from the image point, R is the reflection coefficient for longitudinal wave incidence on a solid layer immersed in water and A is the wavelength of the Lamb wave. m and n are indices referring to the R and A values for a particular Lamb wave mode and frequency. U sing the above equation together with the spectrum of the Lamb wave signal and the calculated dispersion curves for the structure, figure 5, the theoretical resolution at the -3dB points has been calculated to be 82 /lm. This is in agreement with the observed resolution and shows an improvement as a fraction of the wavelength compared to the C-scan image at the same frequency. It must be pointed out that the time gating of the signal has removed any Lamb wave modes travelling faster than 6000 ms-I which leaves ao, so, al and Sl contributing to the image. 
INTERACTION WITH A ROUGH SURFACE
The V(z) technique, where the output voltage of the transducer is monitored as a function of the defocus distance, has been extensively studied as a tool for extracting the elastic constants of thin films on substrates [2, 3] . The method relies on the measurement of Rayleigh or Lamb wave velocities from the periodicity of the V(z) curve. The effect of surface roughness on propagation velocity has been studied for Rayleigh waves on a half-space [4, 5] where a small velocity reduction has been reported with increasing average roughness.
For the film thickness and frequencies of interest in the present study, the V(z) method will involve the excitation of a number of generalised Lamb wave modes in the film. To study the effect of surface roughness on the propagation velocity of these waves, borosilicate glass slides were roughened on one surface and used as test specimens immersed in water. Two different roughness values were introduced on the glass slides by careful polishing motion against silicon carbide paper. The glass slides were subsequently annealed by heating to 565°C followed by controlled cooling down to room temperature over 5 hours. The average vertical roughness values were measured using an alpha-step surface profiler. A random surface roughness was measured over 25mm 2 areas. The average thicknesses of the slides were also measured over the same areas using a ball-micrometer with an accuracy of l/lm. The average roughness values were measured to be 1.4 and 3.1 /lm. The average glass slide thicknesses were 145 and 142 /lm respectively.
A spherical focus lens with a half-angle of 33° was used for the purpose of obtaining the V(z) curves, as shown in figure 2 . A plot of the V(z) variations versus frequency shows the rather complicated character resulting from the excitation of several Lamb modes, figure 3. When the V(z) curve is Fourier transformed, the peaks in the relative spatial frequency domain correspond to individual Lamb wave modes, as shown in figure 4 . By following the changes in position of these peaks for different frequencies, the experimental points on the dispersion curves of figure 5 were obtained for a specimen with no surface roughness.
To examine the effect of roughness on the Lamb wave dispersion data, velocity values for two modes al and S2 were obtained in the manner described above. These are shown in figure 6. The trend is as expected, with a slightly larger reduction in velocity over all frequencies for the rougher surface. The percentage reduction in velocity values however are larger than those reported earlier for Rayleigh waves on half-spaces. If a systematic error of 3 % due to data processing is removed from the velocity values, the variation with roughness is within an acceptable range. The error was estimated by measuring the Rayleigh wave velocity on a half-space and comparing it with published data for a water-loaded glass specimen. The measured Lamb wave velocity data shows a reduction of less than 1 % for the al mode for both roughness values. For the S2 mode, which has a different mode-shape and hence sensitivity to surface roughness, an average reduction of 4 % is observed for the rougher surface and 1 % for the specimen with the smaller roughness value. .. 
CONCLUSIONS
A broadband ultrasonic system has been used to investigate the use of Lamb waves for imaging the underside of a thin plate and the sensitivity of Lamb wave dispersion curves to surface roughness. Lamb wave imaging shows superior contrast performance with a comparable resolution to conventional C-scan methods. Lamb wave dispersion curves show different levels of sensitivity to surface roughness according to mode type. This effect has to be well characterised if the dispersion curves are to be used for extracting the elastic constants of thin films deposited on a grit-blasted surface.
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